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The objective of the study was to determine the diagnostic performance of the Pourquier ELISA for 26 detection of antibodies against Mycobacterium avium subsp. paratuberculosis (Map) The specificity of the ELISA for individual milk samples was still 99.8% at a cut-off of 20% sample to 33 positive (S/P) value, clearly lower than the cut-off defined by the manufacturer (30% S/P). The relative 34 sensitivity for individual milk samples as compared with positive serum samples was 87% for a cut-off 35 of 20% S/P, and 80% for a cut-off of 30% S/P. The sensitivity of this ELISA for detection of high 36
shedders was > 90% both for individual milk and serum samples, also agreement was very good 37 (kappa = 0.91 for all paired samples). 38
The specificity of the Pourquier ELISA in bulk milk samples was investigated by testing bulk milk 39 samples from certified Map-free herds. Feasibility of bulk milk testing was investigated by titrating 40 ELISA positive individual milk samples in negative milk. In addition, 383 bulk milk samples from 41 herds with a known within-herd seroprevalence were tested. 42
The specificity of the ELISA for bulk milk samples was 100% at a cut-off of 12.5% S/P. At the cut-off 43 recommended by the manufacturer (30% S/P) performance of the bulk milk ELISA related to herd 44 status (≥2 seropositive cows) was rather poor, corresponding with a sensitivity of 24% and a 45 specificity of 99% relative to serology. However, at the revised cut-off for bulk milk of 12.5% S/P and 46 a within-herd seroprevalence of ≥ 3%, sensitivity and specificity relative to serology were 85% and 47 96%, respectively. Given the current herd-level seroprevalence in the Netherlands, these test 48 characteristics corresponded with positive and negative predictive values for bulk milk of 67% and 49 94%, respectively. In conclusion, the diagnostic performance of the Pourquier ELISA for individual 50
Page 2 of 28 A c c e p t e d M a n u s c r i p t 3 milk samples creates opportunities for a cheaper and more feasible testing scheme, while the diagnostic 51 performance for bulk milk samples warrants further consideration. 52 53 Keywords:
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Introduction 57
Paratuberculosis, caused by Mycobacterium avium subsp. paratuberculosis (Map), is a 58 frequently present infectious disease in dairy cattle herds in many developed countries (Collins et al., 59 2005) . In the Netherlands, as in other countries, much effort has been invested in the implementation of 60 control programs, certification of herds and evaluation of these programs (Muskens et al., 2000) ; 61 (Groenendaal et al., 2003; Weber et al., 2004; Weber et al., 2006) . 62
Detection of antibodies against Map by ELISA technology is an important tool in many regional and 63 was selected and implemented with a specificity of 99.8% and an overall relative sensitivity (as 72 compared with faecal culture) of 40.8%. The test characteristics of the Pourquier ELISA also appeared 73 to be quite satisfactory for small ruminants (Gumber et al., 2006) . 74
Recently, a thorough evaluation of five ELISAs for diagnosis of bovine paratuberculosis was 75 published. (Collins et al., 2005) . In this study, the Pourquier ELISA also demonstrated an excellent 76 specificity of >= 99.8%. The only milk ELISA described in this study, however, was not sold as a 77 diagnostic kit but offered as a diagnostic service by a Michigan laboratory. 78
Adaptation of ELISA technology for milk samples for testing dairy cattle and herds would be very 79 cost-effective for several reasons. In Denmark, much experience has been obtained with testing of 
Titrations of individual milk samples 111
To determine feasibility of pooling or bulk milk testing, the majority of ELISA positive individual milk 112 samples (either from seropositive cattle, n=64, or from moderate and heavy shedders, n=32) were 113 serially diluted in two-fold dilutions in negative milk from a certified Map-free herd and titres were 114 calculated. 115 7 116
Bulk milk samples 117
Bulk milk samples (n=110) were obtained from 110 certified Map-free herds to determine specificity 118 and optimise the cut-off. 119
In a randomized seroprevalence study in the Netherlands in 2004, bulk milk samples were obtained 120 simultaneously with serum samples from 383 dairy herds (21,411 individual serum samples with a 121 mean number of 53 sera per herd). Bulk milk samples were defatted by manual removal of the cream 122 layer after storage overnight at 4-8 ºC and subsequently stored in 1 mL aliquots at -20 ºC. These bulk 123 milk samples (n=383) were tested to determine the relationship between bulk milk ELISA result and 124 within-herd seroprevalence. 125 126
Between-test variability 127
A subset of 64 ELISA positive individual milk samples were retested with a week interval and the 128 correlation coefficient between results of both tests was determined. These sera were randomly 129 selected, and represented the whole range of low-positive to high positive results ( Fig. 4) . 
Specificity of ELISA for individual milk samples 149
To determine the specificity of the milk ELISA the milk samples indicated as panel A (n=435) were 150
used. Fig. 1 shows the frequency distribution and the cumulative distribution for S/P values of 151 individual milk samples. Using the cut-off of 30% S/P value as defined by the manufacturer the 152 specificity was 100%. To achieve a similar specificity for individual milk samples as achieved for 153 serum samples, a cut-off of 20% S/P was selected, yielding a specificity of 99.8% (95% CI: 99.3-154 100%) in the individual milk sample set investigated. 
Diagnostic performance of ELISA for bulk milk samples related to within-herd seroprevalence 208
Bulk milk ELISA results were initially interpreted as described by the manufacturer for individual milk 209 samples (< 30% S/P negative, ≥ 30% S/P suspect/positive). Diagnostic performance of the Pourquier 210 ELISA for bulk milk samples related to within-herd seroprevalence is summarised in Table 2 . From the 211 383 herds participating in a randomized seroprevalence study with a bulk milk sample, 267 herds were 212 completely seronegative, 62 herds had one seropositive and/or suspect animal, and 54 herds had two or 213 more seropositive and/or suspect animals. There was a fair correlation between S/P values of bulk 214 milk samples and within-herd seroprevalence (r = 0.70). Values for sensitivity, specificity and overall 215 diagnostic potential as indicated by the Area Under the Curve (AUC) are presented in Table 2 for 216 different herd status criteria based on the interpretation of test results in practise (absolute # of 217 positives) and for different prevalences (≥2% to ≥5%). Test characteristics are presented at a cut-off 218 of 30% S/P as indicated by the manufacturer and at a cut-off of 12.5% S/P. The latter cut-off was 219 chosen because it corresponded with the cut-off resulting in 100% specificity for bulk milk samples for 220
certified Map-free herds, and this cut-off also yielded a high specificity for the bulk milk samples from 221 the seronegative herds in the seroprevalence study. shedders are present. It should be noted that in almost all herds (12 out of 14) that had a prevalence 230 <3% and tested positive in bulk milk one or more seropositive animals were detected. 231
One of the advantages of many years of paratuberculosis research and control in the Netherlands is the 233 presence of a large pool of certified Map-free herds with a long history of negative ELISA and faecal 234 culture test results. From these herds individual milk samples and bulk milk samples were taken and 235 investigated in the Pourquier ELISA. As shown in Figs. 1 and 5 , cut-offs corresponding with a 236 specificity of nearly 100% for both individual and bulk milk samples could be (much) lower than the 237 cut-off of 30% S/P defined by the manufacturer. For individual milk samples the revised cut-off was 238 higher (20% S/P) than for bulk milk samples (12.5% S/P), but much lower than for serum samples 239 least one moderate to heavy shedders, a 4-5% seroprevalence would be the mean limit of detection. 285
Subsequently, we analysed bulk milk samples of a large number of herds with known seroprevalence. 286
Although many examples exist for bulk milk testing for other diseases, for paratuberculosis hardly any 287 literature is available (Nielsen et al., 2000; Beyerbach et al., 2004) . Nielsen et al. (2000) concluded 288
that the technical performance of the ELISA was not sufficient to provide a tool for surveillance. 289 related the test results to within-herd test prevalence for individual milk samples. However, only 28 291 herds were involved in the study, and in our validation study and that of others (Collins et al., 2005 ) 292 the LAM-ELISA lacked specificity, at least for serum samples. 293
Indeed, diagnostic performance of the bulk milk ELISA was rather poor at a low prevalence (≥1 294 seropositives in a herd; ≥2% seroprevalence in a herd) as demonstrated by low sensitivities, even at a 295 much lower cut-off than defined by the manufacturer, and rather low AUC values in a ROC analysis. 296
However, at prevalence levels of ≥3% and with the revised cut-off the bulk milk ELISA appeared to 297 have diagnostic potential with a sensitivity and specificity of 85 and 96%, respectively. This would 298 imply a detection level of 1 seropositive out of 30 cattle or 3 out of 100 cattle. (Beyerbach et al., 299 2004) reported for their bulk milk ELISA a sensitivity and specificity of 75 and 84%, respectively, at a 300 within-herd prevalence level of 5% . The even lower cut-off for bulk milk samples may have 301 contributed to more favourable results than we expected from the titration experiments. When bulk 302 milk testing would be used as a first screening test for regional or national programs the negative 303 predictive value would be particularly important. At a 3% seroprevalence level in test-positive herds, 304 the negative predictive value of bulk milk would be 94%, which seemed quite acceptable. The positive 305 predictive value was only 67% using the ≥3% seroprevalence criterium. On the other hand, in almost 306 all "false-positive" herds one or more seropositive animals were detected. 307
In conclusion, the Pourquier ELISA can be used for testing individual milk samples as an alternative 
